Supplementary Methods

Determination of Ploidy in HNSCC Cell Lines
Log-phase cultures were trypsinized and 10⁶ cells in suspension were pelleted by centrifugation. The supernatant was removed and the cells were fixed by the dropwise addition of 1 mL cold 70% ethanol and incubated at 4°C for ≥30 min. The cells were re-pelleted and the ethanol was replaced with 1 mL PBS containing 3% FBS. This was repeated twice to rinse the cells. RNAse (100 µg/mL; Roche 10109134001) and propidium iodide (20 µg/mL; Sigma-Aldrich P-4170) were added and the cells were incubated for 10 min in the dark at room temperature. Flow cytometry was performed with a BD Accuri C6 flow cytometer using a 488 nm laser for excitation and fluorescence emission detected using a 585/40 filter. The data were analyzed using ModFit LT v4.1.7 (Verity Software House). The ploidy of the cells was approximated by measuring their relative DNA content, defined as the fluorescence of the G0/G1 peak for cell singlets relative to half of that for a HCT 116 diploid control (i.e. HCT 116 DNA content defined as 2.0). HCT 116 was obtained from ATCC (Manassas, VA).
Whole-Genome CRISPR Knockout Screens
UT-SCC-74B cells were stably transduced with Streptococcus pyogenes Cas9 (lentiCas9-Blast vector) at a multiplicity of infection (MOI) of 0.25 and expression confirmed by immunoblotting (mouse anti-Cas9 monoclonal antibody 7A9; Diagenode; Liege, Belgium). The resulting pool was transduced with the GeCKOv2 sgRNA library (3) (lentiGuide-Puro vector) at an MOI of 0.2 and a scale of 140 transductants per sgRNA. After 7 d selection in puromycin, separate pharmacological selections with evofosfamide and Br-IPM were initiated from this founder library, each in duplicates of 10 8 cells, with untreated duplicate control cultures of ≥ 3 × 10 7 cells maintained in continuous culture for each drug until endpoint. Cultures were exposed to 0.8 µM evofosfamide for 1 h under anoxia as stirred suspensions in an anaerobic chamber as above, at 0.5 × 10 6 cells per mL, with 30-min drug-free pre-incubation to deplete residual oxygen. Thereafter, drug was removed and cells plated under ambient oxygen for recovery. Selection with 130 µM Br-IPM was imposed on log-phase monolayer cultures as continuous exposure without drug replacement. Recovered cultures were harvested for analysis 16 and 20 d after selection with evofosfamide and Br-IPM, respectively. A pilot-scale functional validation screen used a library of 4 × 10 7 transductants exposed to 3 µM 6-thioguanine prior to recovery. Genomic DNA was isolated using a QIAamp DNA Blood Maxi Kit (Qiagen) and sgRNA sequences PCR-amplified for sequencing as described (3, 4) . Sequencing was performed on a NextSeq500 (Illumina) using a high-output, 150 bp paired-end flow cell and 5% PhiX. Reads were trimmed at the 5'-and 3'-ends using Cutadapt and trimmed reads that contained base call failures or had lengths other than 20 bp excluded using Awk scripts. Reads were then aligned to the GeCKOv2 index using BWA, sorted using SAMtools and read counts scored and quality and distribution outputs generated in R. Statistical significance of positive and negative selection of sgRNAs in treated relative to control cultures was assessed using the RIGER (5) algorithm with weighted sum aggregation.
1.3
Targeted DNA sequencing of PDX models DNA was extracted from the clinical tumor specimens and second-generation PDX models using the Qiagen DNeasy Blood & Tissue kit. DNA quality was determined by the ratio of absorbance at 260 nm to 280 nm (≥1.8) and at 260 nm to 230 nm (≥1.5) on a NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific), with quantitation on a Qubit 3.0 fluorometer (Thermo Fisher Scientific). Ethanol precipitation was utilized to enhance DNA quality if required. DNA (200 ng per sample) was resolved on a 0.8% agarose/0.5% Tris-borate-EDTA gel to assess degradation. DNA libraries for sequencing of 409 genes using the Ion AmpliSeq Comprehensive Cancer Panel (Thermo Fisher Scientific) were prepared using Ion AmpliSeq Library Kit 2.0 (Thermo Fisher Scientific), whereby targeted loci were amplified by PCR (GeneAmp PCR system 9700, Thermo Fisher Scientific), followed by digestion of primer sequences and ligation of Ion Xpress barcode adaptors (Thermo Fisher Scientific) to the amplicons. The barcoded libraries were purified using the Agencourt AMPure XP kit (Beckman Coulter; Brea, CA) and were quantified by qRT-PCR (QuantStudio 6 Flex real-time PCR system, Thermo Fisher Scientific) using the Ion Library TaqMan Quantitation kit (Thermo Fisher Scientific). DNA libraries were sequenced on an Ion Proton (Thermo Fisher Scientific) and the reads were mapped and variants called using Ion Reporter 5.4 (Thermo Fisher Scientific). Driver mutations were defined as variants with minor allele frequencies <0.001 in ExAC, P-values <0.001, confirmed pathogenic somatic mutations in COSMIC v82 and called in ≥1 HNSCC sample on cBioPortal.
Pimonidazole Immunostaining of PDX and CDX Tumors
For analysis of hypoxic fraction, tumor-bearing mice were administered 60 mg.kg-1 pimonidazole in saline by i.p. injection and culled 2 h thereafter for staining. Excised tumors were fixed in 10% neutral-buffered formalin for 24-48 h. The tissue was then stored in 70% histology ethanol until paraffin-embedding and sectioning. Sections on glass slides were deparaffinized and rehydrated by heating to 58°C for 60 min, followed by rinsing in xylene, ethanol and water. The sections were placed in 10 mM citrate buffer, pH 6.0 and heated in a pressure cooker for antigen retrieval, and then rinsed with Tris-buffered saline (TBS) followed by TBS containing 0.1% Tween-20 (TBST). Sections were blocked with 10% goat serum in TBST at 4°C for 1 h and then incubated in pimonidazole-FITC (mouse monoclonal antibody 4.3.11.3 diluted 1:50 in blocking buffer; NPI Inc) overnight at 4°C. Sections were rinsed in TBST and the nuclei were stained with H33258 (Thermo Fisher Scientific). After rinsing in TBS, slides were mounted with coverslips and sealed. Images of the whole tissue section were acquired using an Axio Imager 2 microscope (Zeiss) with a Vslide scanner (MetaSystems). Images were analyzed using ImageJ (v1.51) to determine the area within the section that was pimonidazole-positive (hypoxic) as a fraction of the total area after excluding necrotic regions. Tumor necrosis was identified as the absence of H33258 staining and was confirmed by histopathological examination of H&E stained sections.
CA9 and Pan-Cytokeratin Immunohistochemistry, Imaging and Quantitation in Tumor Sections
Six days after completing treatment with evofosfamide monotherapy or in combination with image-guided cervical lymph node irradiation (see Methods), mice bearing spontaneously disseminated UT-SCC-74B tumors were administered 1 mg i.v. H33258 (Sigma-Aldrich) and sacrificed 1 min thereafter by isofluorane overdose. Tumor-bearing nodes were dissected, flash-frozen and embedded in OCT. Sections were cut at 5 µm, mounted onto slides and air-dried for 30 min. The sections were fixed in 2% paraformaldehyde, permeabilized with PBS-T + 0.5% Triton X-100 and stained with anti-CA9 polyclonal antibody (NB100-417SS, R&D Systems; Minneapolis, MN) diluted 1:50 or anti-cytokeratin monoclonal antibody (AE1/AE3, Dako; Glostrup, Denmark) diluted 1:500 overnight at 4°C. After staining with secondary antibodies, tissue was imaged on a TissueScope slide scanner (Huron Digital Pathology; Waterloo, ON) to identify regions of H33258-positive perfused regions. Immunostaining was performed on serial tissue sections for CA9 plus DAPI or pancytokeratin (AE1/AE3) plus DAPI, and slides were digitized on an Axio Scan whole-fluorescence slide scanner (Zeiss; Oberkochen, Germany). These serial fluorescence images were then aligned manually using a custom MATLAB script and aligned images were imported into Definiens TissueStudio software (v4.2; Munich, Germany) for analysis. Regions containing tissue were segmented into 'tumor', 'necrosis', 'normal tissue' and 'folds/artifacts' by semi-automated machinelearning segmentation with manual correction, utilizing pan-cytokeratin staining and nuclear morphology to discriminate tumor from normal tissue and absence of nuclear staining and morphology to identify necrosis. Nuclear segmentation was then performed to identify individual cells based on a DAPI threshold, and cells were simulated by growing out from nuclei by up to 3 µm. Mean CA9-staining intensity was measured on a per-cell basis and cells were classified into negative, low, medium and high for CA9 and the proportion in each class was exported for the tumor region. Figure S1 ( Figure S4 . Enrichment of gene ontology (GO; left panel) and molecular pathway (right panel) terms among expressed genes (RNAseq) that correlated with sensitivity to evofosfamide (per IC 50 assay under anoxia) in head and neck squamous cell carcinoma (HNSCC) cell lines. Correlations were computed using the Spearman method and the top 200 correlating genes were queried for the enrichment of GO and pathway terms using PANTHER (6) and GeneSetDB (7), respectively. Statistical significance was assessed by Fisher's exact test. False discovery rates (FDR) determined using Benjamini-Hochberg method are plotted, with dashed lines denoting 5% FDR. Figure 3F ). Population doubling times were estimated using 2-6 recordings of cell density following trypsinization of continuous log-phase monolayer cultures (with cell counts obtained using a Z series Coulter Counter, Beckman Coulter) and did not account for cell cycle delay following subculture. Boxes denote the median and interquartile range, while whiskers mark the minimum and maximum values. Statistical significance assessed by two-tailed Student's t-test. 
Supplementary Figures
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Supplementary Tables   Table S1 . Table S5 . Cell seeding densities for IC 50 assay in 96-well microtiter plates. Seeding numbers for each cell line were determined to be within the linear dynamic assay range by titrating seeding density and assessing sulphorhodamine B colorimetry after 5 d in culture.
Cell line(s)
Cells seeded per well
UT-SCC-42B 600
UT-SCC-60A, UT-SCC-74B 800
UT-SCC-74A 1000
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Histology and clinical history of patient-derived xenograft models
ACS-HN06 Clinical
T4a N2b M0 p16 negative squamous cell carcinoma of the oropharynx, centred on the right base of the tongue. The primary tumor at the tongue base was large and ulcerating, approximately 38 mm, crossing midline, extending onto the soft palate, involving retromolar trigone and pterygoids. Pre-surgical radical chemo-radiotherapy completed: 70 Gy in 35 fractions over 7 weeks, with concurrent high-dose cisplatin (100 mg.m -2 ) given in weeks 1, 4 and 7. At the time of resection (recurrence post chemo-radiotherapy), a 35-mm tumor extended into soft palate and parapharyngeal space. Right mental nerve deficit, right greater palatine nerve intact. No cervical lymphadenopathy. At the time of resection, positive for lymphovascular invasion and perineural invasion (2/19 nodes positive in level 2). Sections showed a 5 × 2 mm sample of moderately differentiated squamous cell carcinoma infiltrating muscle. There was a light peri-tumor neutrophilic infiltrate. There was no significant vascularity within the tumor and there was no lymphovascular space invasion in this sample. The mitotic count was 2 per 10 high power fields.
ACS-HN06 PDX
Sections showed a 7 × 6 mm sample with a moderately-differentiated squamous cell carcinoma infiltrating fatty tissue. There was a light peri-tumor neutrophilic infiltrate, similar to the clinical ACS-HN06 specimen. There was no significant vascularity within the tumor and there was no lymphovascular space invasion in this sample. The mitotic count was 39 per 10 high power fields.
ACS-HN07 Clinical
Initially: T4a N0 M0 squamous cell carcinoma of the right inferior alveolus. Recurrence: T3 N0 M0 squamous cell carcinoma (second primary) of the right anterior floor of the mouth and lateral oral tongue. First primary: a large tumor (40 mm in maximum extent) in the right floor of the mouth involving the alveolus and extending into the gingivolabial sulcus. Recurrence: large ulcerated lesion (30 mm well-differentiated squamous cell carcinoma) affecting the right lateral oral tongue, extending onto the neo-floor-of-mouth free flap reconstruction. Initially: early involvement of the mental nerve (hyperesthesia), but no perineural invasion or lymphovascular invasion. Recurrence: positive for lymphovascular and perineural invasion, but no positive neck nodes. Sections showed a 3 × 2 mm sample with a well-differentiated squamous cell carcinoma infiltrating fibromuscular tissue. There was a light lymphoplasmacytic inflammatory infiltrate associated with the tumor. There was no significant vascularity within the tumor and there was no lymphovascular space invasion in this sample. The mitotic count was 11 per 10 high power fields.
ACS-HN07 PDX
Sections showed three pieces of tissue collectively 10 × 8 mm. These showed fatty tissue infiltrated by a well-differentiated squamous cell carcinoma. There was a moderately dense neutrophilic rather than lymphoplasmacytic inflammatory infiltrate. The neutrophils were reacting to the keratin produced by the tumor. There was no significant vascularity within the tumor and there was no lymphovascular space invasion in this sample. The mitotic count was 8 per 10 high power fields.
ACS-HN08 Clinical
T4a N2b M0 squamous cell carcinoma of the left oral tongue; 7 cm lesion on the left posterior oral tongue, extending into the angio-oral tongue and the left tongue base up to the soft palate. Sections showed a 6 × 3 mm tissue with a moderately-differentiated squamous cell carcinoma infiltrating fibromuscular tissue. This was associated with a moderately dense inflammatory infiltrate composed of a mixture of neutrophils, plasma cells and lymphocytes. There was no significant vascularity within the tumor and there was no lymphovascular space invasion in this sample. The mitotic count was 26 per 10 high power fields.
ACS-HN08 PDX
Sections showed a 5 × 4 mm tissue with a moderately-differentiated squamous cell carcinoma. The entire sample was represented by this sheet of tumor, in which case, assessment of the extent of peri-tumor inflammatory response was not possible. There was no significant vascularity within the tumor and there was no lymphovascular space invasion in this sample. The mitotic count was 26 per 10 high power fields.
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